After 3 months, a right inguinal lymph node dissection revealed involvement in 1 of 6 lymph nodes. Clinical examination and computed tomography imaging showed no evidence of distant metastasis. The patient was considered to have T2bN1aM0 stage iiib disease.
CASE DESCRIPTION
A 44-year-old white man with no past medical history developed local irritation of a longstanding nevus on the right anterior tibial area, which progressed to ulceration and bleeding over several months. The lesion was excised by the patient's family physician, and subsequent analysis showed malignant melanoma characterized by a depth of 2 mm and extension into the reticular dermis, consistent with a Clark level iii/ iv. No other clinical signs of disease or metastases were evident. The patient was referred for more complete excision of the lesion and, because of the depth of the lesion, sentinel node biopsy.
Five months from initial presentation, a sentinel node biopsy and repeat resection of the primary site, with 1 cm margins, was performed. The site of the primary lesion was free of melanoma. However, the sentinel node biopsy showed a 1-mm focus of disease. Three months later, the patient received Adacel vaccine (Sanofi Pasteur, Lyon, France) as a routine preventive measure. The vaccine contains tetanus toxoid, diphtheria toxoid, acellular pertussis, aluminium phosphate, and 2-phenoxyethanol (dtap) 2 . The patient developed a local and systemic febrile reaction that lasted 2 days. One week later, dramatic improvement in all of the aforementioned nodules was noted on clinical examination. Computed tomography imaging showed a new 20-mm lymph node in the aortopulmonary window and also several new nodules measuring 3-11 mm in the right middle lobe, over the right pectoral muscle, in the left axilla, over the left rectus abdominis, and in the subcutaneous fat overlying the T3 spinous process. A biopsy of a resolved nodule on the patient's back showed fibrosis, but no disease. The patient underwent human leukocyte antigen (hla) typing in anticipation of being enrolled in a trial for MDX-10 (currently known as ipilimumab), which yielded hla-A2, -A29, -B8, -B44, and -CW7. Repeat imaging before study enrollment after another 3 months showed progressive reduction in the size of the nodules. Two months later, all of the nodules had vanished, except for an enlarged nodule in the left axilla. Because of this remission, the patient was not enrolled.
One month later, the 10-mm lymph node in the left axilla was resected. The surgical specimen showed melanoma, which again stained positive for S100, mart-1, and tyrosinase, and negative for HMB45. Although a second primary tumor cannot be ruled out, it is highly unlikely. This patient has since been regularly followed with clinic visits and imaging that continues to demonstrate a disease-free state. The patient had received 1 year's worth of adjuvant interferon therapy 9 months after initial presentation (which failed) and superficial local disease control with excision and radiotherapy 20 months after his first biopsy.
DISCUSSION
To the best of the authors' knowledge, this is the only reported case of regression of metastatic melanoma after administration of the dtap vaccine.
Unlike regression of primary melanoma, which has been reported in up to 50% of cases, regression of metastatic melanoma is a rare event 3 . A review by Kalialis et al. recovered only 76 cases from the literature since 1866, which corresponds to an incidence of 0.23% 3 . Of particular interest, our patient demonstrated not only subcutaneous and lymphatic regression, but also regression of lung involvement, which has been seen in only 10 cases in the literature [4] [5] [6] [7] [8] [9] [10] [11] [12] .
Currently, no mechanism for spontaneous regressions has been established. However, several concurrent events are often cited in the literature: febrile infection, operative procedures, hormonal influences, immunologic factors, or no objective cause 13 . Of particular interest in this case is the preceding fever, which we attribute to the patient's dtap inoculation.
It has been noted for some time that regression of cancers can occur in the context of febrile bacterial infection, particularly those attributable to Streptococcus pyogenes. In fact, Maurer and Koelmel's review of 68 melanoma regression cases noted that 21 were preceded by a febrile episode, of which 9 were attributed to erysipelas 13 . Of historical interest is Coley's toxin, which consisted of heat-treated Streptococcus pyogenes and Serratia marcescens, created by William B. Coley, which was used with variable success a century ago in the treatment of sarcoma 14 . Later review of his original cases suggested greater effectiveness in the setting of febrile reaction 15 . Interestingly, it has been shown that tumour cell death occurs to a greater extent in a heated milieu 16 . Matzinger proposed, through the "danger" model, that although tumour cells are in fact recognized by the immune system, they do not elicit a response because they have means of inducing tolerance, and thus there is an antigen, but no danger signal 17 . However, in the context of acute bacterial illness or vaccination, there is binding of pathogen-specific molecular patterns such as bacterial components to Toll-like receptors of antigen-presenting cells, which can, in turn, activate tumour-toxic T cells.
Interestingly, the constituent bacteria of the dtap vaccine have been used in some fashion to combat cancer. The direct cytotoxic effects of the diphtheria toxin have been exploited in a series of conjugates formed with ligands that possess an affinity for tumour antigens 18 . Our patient received a toxoid rather than a toxin (not designed to have any particular affinity for melanoma cells) and so it is unlikely that direct cellular toxicity from the diphtheria component is a trigger for the observed remission. Pertussis toxin has been shown to possess adjuvant properties that are able to enhance both the humoral response and the Th1 and Th2 responses to antigens [19] [20] [21] [22] .
From a prevention standpoint, research by the Febrile Infections and Melanoma group, a populationbased case-control study, showed that smallpox and Bacillus Calmette-Guérin vaccination and prior serious infection can be protective against melanoma 23 . Krone et al. 23 presented a potential mechanism for that protection, which relies on human endogenous retroviruses (hervs). These genetic elements, most of which are functionally degenerate, make up roughly 8% of the human genome. However, some of these elements code for antigenic peptides and retroviral proteins and enzymes. One such peptide is the hervk-mel viral marker, a nona-or decapeptide that appears in most melanomas and dysplastic nevi 24 . The herv-k-mel marker is hla-restricted in its presentation to CD8+ T cells. Specifically, it requires hla-A2, which was present in our patient. Interestingly, this peptide possesses homologies to peptides found in many human pathogens, including Clostridium tetani, Bordetella pertussis, and Corynebacterium diphtheriae 23 . It is thought that previous exposure to pathogens possessing peptides similar to herv-k-mel could induce a cross-reactivity against melanoma by cytotoxic T lymphocytes. Unfortunately, testing for herv-k-mel peptide in our patient's samples was not available.
SUMMARY
Spontaneous regression of metastatic melanoma is a rare event that has been associated with febrile illness. Acute febrile illness may trigger melanoma regression by providing a danger signal that leads to T-cell activation. Available epidemiologic evidence suggests that exposure to or vaccination against certain infectious pathogens may provide protection against the development of melanoma. Lastly, the homologies between the products of the herv-k-mel viral marker prevalent in melanomas and the peptides in human pathogens such as C. tetani, B. pertussis, and C. diphtheriae offer a potential target for an immune-mediated cross-reactivity mechanism in melanoma regression.
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